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© An optical integrated circuit having light detector. 

© An optical integrated circuit (21) is disclosed. 
The optical integrated circuit (21) includes: a dielec- 
tric waveguide (23) having at least a waveguide layer 
(4) for transmitting light in a first direction (8); a first 
reflector (14) for reflecting the light in a substantially 
opposite direction (13) to the first direction (8), the 
first reflector (14) being formed on an end face of 
the waveguide layer (4); a grating coupler (6) having 
a grating for diffracting at least a part of the light in a 
second direction (10) which is different from the first 
direction (8), the grating coupler (6) being formed at 
a surface (18) of the waveguide layer (4); and a light 
detector (22) for detecting the diffraction light (10, 
11, 15, 16), the light detector (22) being optically 
connected with the dielectric waveguide (23). 
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The present invention relates to an optical in- 
tegrated circuit applied to an optical data processor 
such af an optical computer. 

Recently, it becomes more important to trans- 
mit an4> process informational data. Especially, data 
transmission and data processing using light are 
thought^ as an important technology because light 
can travel fast. An optical integrated circuit is a 
kind ofidevice which processes information consist- 
ing of 'light. The optical integrated circuit can be 
made ^mall by employing optical waveguides. 
Such optical integrated circuits can be produced on 
a large scale by utilizing semiconductor manufac- 
turing processes, that enable production of the 
optical integrated circuits at low cost. 

Light signals are processed in such an optical 
integrated circuit, and are finally converted into 
electric signals. Referring to Figure 5, a light detec- 
tor of a conventional optical integrated circuit is 
illustrated. Figure 5 schematically shows a cross 
sectional view of an optical integrated circuit 39 
having a light detector 38. A p-type region 32 
doped with p-type impurities is formed in a surface 
region of an n-type silicon substrate 31. The p-type 
region 32 and the n-type silicon substrate 31 form 
a pn conjunction. An electrode 33 and an electrode 
34 are respectively connected with the p-type re- 
gion 32 and the n-type silicon substrate 31. The 
light detector 38 consists of a part of the n-type 
silicon substrate 31, the p-type region 32, the elec- 
trode 33 and the electrode 34. A buffer layer 35 is 
formed on the n-type silicon substrate 31. An op- 
tical waveguide 36 is formed on the buffer layer 35 
and the p-type region 32, and the optical 
waveguide 36 is directly in contact with the p-type 
region 32. 

Light 37 travels in the optical waveguide 36. 
When the light 37 reaches above the p-type region 
32, a part of the light 37 is absorbed by the p-type 
region 32. The light absorbed by the p-type region 
32 is converted into electric signals, and the elec- 
tric signals are detected through the electrode 33 
and the electrode 34. 

In the optical integrated circuit 39 having the 
light detector 38, light sensitivity of the light detec- 
tor 38 depends on the length 1 of the p-type region 
32. The length 1 must be long enough to receive 
much of the light 37 so that the light detector 38 
has the sufficient light sensitivity for practical use, 
for example, to obtain a sufficient signal. However, 
as length 1 is elongated, the light detector 38 is 
more influenced by stray light in the optical in- 
tegrated circuit 39. Such stray light degrades a 
signal-to-noise ratio of the light detector 38. 

The present invention overcomes the above 
mentioned shortcomings associated with the con- 
ventional optical integrated circuit and provides an 
optical integrated circuit having a light detector with 
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high sensitivity and good signal-to-noise ratio. 

The optical integrated circuit of this invention 
includes: a dielectric waveguide having at least a 
waveguide layer for transmitting light in a first 

5 direction; a first reflector for reflecting the light in a 
substantially opposite direction to the first direction, 
the first reflector being formed on an end face of 
the waveguide layer; a grating coupler having a 
grating for diffracting at least a part of the light in a 

w second direction which is different from the first 
direction, the grating coupler being formed at a 
surface of the waveguide layer; and a light detector 
for detecting the diffracted light, the light detector 
being optically connected with the dielectric 

75 waveguide. 

According to an optical integrated circuit of the 
present invention, light which is not diffracted by a 
grating coupler is reflected by a first reflector and 
reaches the grating coupler again. Therefore, most 

20 of the light irradiates a light detector effectively. 

Thus, the invention described herein makes 
possible the advantage of providing an optical in- 
tegrated circuit having light detectors with high 
sensitivity and good signal-to-noise ratio. 

25 This and other advantages of the present in- 

vention will become apparent to those skilled in the 
art upon reading and understanding the following 
detailed description with reference to the accom- 
panying figures. 

30 Figure 1 is a schematic cross sectional view of 

an optical integrated circuit of the present invention 
in Example 1 . 

Figure 2 is an enlarged sectional view of a 
grating coupler in the optical integrated circuit 

35 shown in Figure 1. 

Figures 3A to 3C are schematic cross sectional . 
views for illustrating a method for producing the 
optical integrated circuit shown in Figure 1. 

Figure 4 is a schematic cross sectional view of 

40 an optical integrated circuit of the present invention 
in Example 2. 

Figure 5 is a schematic cross sectional view of 
an optical integrated circuit according to a conven- 
tional technique. 

45 

Example 1 

Figure 1 schematically shows a cross sectional 
view of an optical integrated circuit 21 of the 

so present invention. A p-type region 2 doped with p- 
type impurities is formed in a surface region of an 
n-type silicon substrate 1. The n-type silicon sub- 
strate 1 and the p-type legion 2 are respectively 
connected with electrodes 40 and 41, for example, 

55 shown for convenience only as bold lines in Figure 

1. A light detector 22 consists of the p-type region 

2, a part of the n-type silicon substrate 1 and the 
electrodes 40 and 41. The p-type region 2 and the 
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n-type silicon substrate 1 form a pn junction for 
detecting light. The light penetrates in the p-type 
region 2 and is converted into an electric signal. 
The electric signal is detected via the electrodes 
40 and 41 . 

A lower cladding layer 3 made of silicon diox- 
ide is formed on the n-type silicon substrate 1. A 
waveguide layer 4 made of silicon dioxide is 
formed on the lower cladding layer 3, and an upper 
cladding layer 5 made of silicon dioxide is formed 
on the waveguide layer 4. A dielectric slab 
waveguide 23 consists of the lower cladding layer 
3, the waveguide layer 4, and the upper cladding 
layer 5. In this example, the dielectric slab 
waveguide 23 is used as a dielectric waveguide. 
The waveguide layer 4 transmits light 8 in a first 
direction. A grating coupler 6 is formed at a part of 
a lower surface 18 of the waveguide layer 4. The 
grating coupler 6 is positioned above the p-type 
region 2 so that light 10, 11, 15, and 16 which are 
diffracted in a second direction by the grating cou- 
pler 6 can irradiate the p-type region 2. 

A first reflector 14 is formed on an end face of 
the dielectric slab waveguide 23. As is shown in 
Figure 1, light 8 traveling in the first direction is 
reflected by the first reflector 14 and travels in an 
opposite direction from the first direction. A second 
reflector 7 is formed on the upper cladding layer 5. 
The second reflector 7 is positioned so that light 9 
and 12, which is diffracted in an opposite direction 
from the second direction by the grating coupler 6, 
can be reflected in the second direction. 

When the light 8 traveling in the waveguide 
layer 4 reaches above the grating coupler 6, a part 
of the light 8 is diffracted by the grating coupler 6 
and is divided into the light 9 and 10. The light 9 is 
diffracted toward the upper cladding layer 5 and 
the light 10 is diffracted toward the lower cladding 
layer 3. The other part of the light 8, which is not 
diffracted by the grating coupler 6, becomes the 
light 13. The light 10 passes the lower cladding 
layer 3 and irradiates the p-type region 2. The light 
9 is reflected by the second reflector 7 and 
reaches the grating coupler 6 again. A part of the 
light 9 passes the grating coupler 6 without being 
diffracted and becomes the light 11. The other part 
of the light 9 is diffracted by the grating coupler 6 
and is added to the light 13. The light 11 passes 
the lower cladding layer 3 and irradiates the p-type 
region 2. 

The light 13 is reflected by the first reflector 14 
and reaches the grating coupler 6 again. The light 
13 is divided into the light 12 and 15. The light 15 
passes the lower cladding layer 3 and irradiates the 
p-type region 2. The light 12 is reflected by the 
second reflector 7. A part of the light 12 passes the 
grating coupler 6 without being diffracted and be- 
comes the light 16. The light 16 irradiates the p- 



type region 2. 

Figure 2 shows an enlarged cross sectional 
view of the grating coupler 6. The grating coupler 6 
has a grating which consists of a plurality of ridges 

5 A and a plurality of grooves B. In order that the 
grating coupler 6 diffracts the light 8 and 13 in a 
substantially perpendicular direction to the light 8 
and 13, it is preferable that a period A of the 
grating substantially satisfies the following Equation 

10 (1). 

A = ft (1) 

Where, X is the free-space wavelength of the light 

15 which travels in the dielectric slab waveguide 23, 
and N is the effective refractive index of the dielec- 
tric slab waveguide 23. Moreover, it is further pref- 
erable that the cross sections of ridge A and 
groove B are rectangular and that the cross sec- 

20 tional width a of the ridge A and the cross sec- 
tional width b of the groove B are set to be. same, 
as is shown in Figure 2. Such a grating prof Ue 
prevents second order diffraction light from being 
generated at the grating coupler 6. Thus, the light 8 

25 and 13 can be diffracted in the perpendicular direc- 
tion and irradiate the p-type region 2 effectively. 
Moreover, a thickness c of the upper cladding 
layer 5 is preferably selected so that the light 10 
and 11 has the same phase. 

30 As is mentioned above, the light 13, which is 

not diffracted by grating coupler 6, is reflected by 
the first reflector 14 and reaches the grating cou- 
pler 6 again to be directed into the p-type region<2 
of the light detector 22. Therefore, most of the light 

35 8 irradiates the p-type region 2 of the light detector 
22 effectively. The light 9 and 12, which is dif- 
fracted in the opposite direction to the p-type re- 
gion 2, is reflected by the second reflector 7 and 
irradiate the p-type region 2 of the light detector 

40 22. 

The optical integrated circuit 21 shown in Fig- 
ure 1 has the grating coupler 6 at the lower surface 
18 of the waveguide layer 4. However, the grating 
coupler 6 may be formed at an upper surface 17 of 

45 the waveguide layer 4. At whichever surface the 
grating coupler 6 is formed, the light 8 can be 
diffracted. Diffraction efficiency of the grating cou- 
pler 6 is different in accordance with the aforemen- 
tioned positions of the grating coupler 6. Also, the 

so diffraction efficiency depends on the structure and 
materials of the dielectric slab waveguide 23. 
Therefore, it is preferable that the grating coupler 6 
is formed at either the upper surface 17 or the 
lower surface 18 whichever will have the higher 

55 diffraction efficiency. 

Figure 1 shows that the light detector 22 is 
formed near the first reflector 14. However, it is 
also possible for the light detector 22 to be posi- 
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tioned relatively farther from the first reflector 14 
formed on the end face of the dielectric slab 
waveguide 23. If the first reflector 14 is formed on 
the end face of the dielectric slab waveguide 23, 
the light which is not diffracted by the grating 
coupler 6 (i.e., the light 13) can be reflected by the 
first reflector 14 and travel above the grating cou- 
pler 6 again. The reflected light can also irradiate 
the p-type region 2 and increase the amount of the 
light which irradiates the light detector 22. There- 
fore, relative to prior light detectors, such as that 
shown in Figure 5, the light detector 22 of the 
invention can have improved sensitivity and signal- 
to-noise ratio without enlarging the length I of the 
p-type region 2. 

For the reason mentioned above, as is shown 
in Figure 1, a distance m between the light detec- 
tor 22 and the first reflector 14 can be selected in 
accordance with a structure of a device to which 
the present invention is applied. However, in the 
case where the attenuation of the light in the di- 
electric slab waveguide 23 may not be neglected, 
the distance m is preferably set to be in the range 
where the light reflected by the first reflector 14 is 
not significantly attenuated. 

Hereinafter, a method for producing the optical 
integrated circuit 21 will be described. The optical 
integrated circuit 21 propagates the light having a 
free-space wavelength equal to 780 nm by TEo 
single mode. 

As is shown in Figure 3A, p-type impurities are 
doped in an n-type silicon substrate 1, and a p- 
type region 2 is formed in a surface region of the 
n-type silicon substrate 1. A lower cladding layer 3 
(thickness: 2200 nm) is formed on the n-type sili- 
con substrate 1 by a sputtering method. The lower 
cladding layer 3 is made of silicon dioxide and has 
a refractive index equal to 1.45. After an electron 
beam sensitive resist is coated over the n-type 
silicon substrate 1 by a spin coat method, a resist 
pattern 27 having a grating pattern is formed by 
using electron beam (Figure 3B). A dielectric slab 
waveguide 23 which will be formed later is de- 
signed so as to have an effective refractive index N 
equal to 1.506. According to the Equation (1), a 
grating period A is calculated at 518 nm. Thus, 
widths d and e are set to be 259 nm respectively. 

As is shown in Figure 3B, the lower cladding 
layer 3 is etched by 50 nm depth using the resist 
pattern 27 as a mask. By using an anisotropic 
etching method such as a dry etching, grooves D 
and ridges E having rectangular cross sections are 
formed. After the resist pattern 27 is removed, a 
waveguide layer 4 (thickness: 700 nm, refractive 
index: 1.54) is formed on the lower cladding layer 
3, as is shown in Figure 3C. The waveguide layer 4 
is deposited by a sputtering method with a #7059 
target which is commercially available from Cor- 



ning Company. A grating coupler 6 is simulta- 
neously formed at the lower surface 18 of the 
waveguide layer 4. The grating coupler 6 has a 
grating consisting of ridges A and grooves B in 

5 accordance with grooves D and the ridges E of the 
lower cladding layer 3. Thus, widths a and b shown 
in Figure 2 are equal to 259 nm respectively. Then, 
an upper cladding layer 5 (thickness: 2200 nm) 
shown in Figure 3C is formed on the waveguide 

w layer 4 by a sputtering method. The upper cladding 
layer 5 is made of silicon dioxide and has a refrac- 
tive index equal to 1.45. Whereby, the dielectric 
slab waveguide 23 consisting of the lower cladding 
layer 3, the waveguide layer 4, and the upper 

75 cladding layer 5 is formed. 

Then, as is shown in Figure 1, a first reflector 
14 (thickness: 200 nm) made of an aluminum film 
is formed on an end face of the dielectric slab 
waveguide 23. A second reflector 7 (thickness: 200 

20 nm) made of an aluminum film is formed on the 
upper cladding layer 5 so that the second reflector 
7 is positioned above the grating coupler 6. The 
first reflector 14 and the second reflector 7 are 
formed by a vacuum evaporation method. 

25 

Example 2 

Figure 4 schematically shows a cross sectional 
view of an optical integrated circuit 24 of the 

30 present invention. A p-type region 2 doped with p- 
type impurities is formed in a surface region of an 
n-type silicon substrate 1. The n-type silicon sub- 
strate 1 and the p-type region 2 are respectively 
connected with electrodes 40 and 41, for example, 

35 shown for convenience only as bold lines in Figure 
4. A light detector 22 consists of the p-type region 
2, a part of the n-type silicon substrate 1, and the 
electrodes 40 and 41. The p-type region 2 and the 
n-type silicon substrate 1 form a pn junction for 

40 detecting light, and the light is converted into an 
electric signal. The electric signal is detected via 
the electrodes 40 and 41. 

A lower cladding layer 3 made of silicon diox- 
ide is formed on the n-type silicon substrate 1. A 

45 waveguide layer 4 made of silicon dioxide is 
formed on the lower cladding layer 3. An upper 
cladding layer is not formed on the waveguide 
layer 4 in this example. However, an upper surface 
17 of the waveguide layer 4 is in contact with air 

so 50. The air 50 functions as an upper cladding layer 
because the air 50 has lower refractive index than 
the waveguide layer 4. A dielectric slab waveguide 
25 consists of the waveguide layer 4 and the lower 
cladding layer 3. In this example, the dielectric slab 

55 waveguide 25 is used as a dielectric waveguide. 
The waveguide layer 4 transmits light 8 in a first 
direction. A grating coupler 26 is formed at a part 
of the upper surface 17 of the waveguide layer 4. 
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The grating coupler 26 is positioned above the p- 
type region 2 so that light 10 and 15 which is 
diffracted in a second direction by the grating cou- 
pler 26 can irradiate the p-type region 2. 

A first reflector 14 is formed at an end face of 
the dielectric slab waveguide 25. As is shown in 
Figure 4, light 8 traveling in the first direction is 
reflected at the first reflector 14 and travels in an 
opposite direction 13 from the first direction. 

The grating coupler 26 has a grating with a 
period A . The period A substantially satisfies the 
following Inequality (2). 

i<i-?<n s i (2) 

Where, X is the free-space wavelength of the light 
which travels within the dielectric slab waveguide 
25, N is the effective refractive index of the dielec- 
tric slab waveguide 25, and n s is the refractive 
index of the lower cladding layer 3 which is contact 
with the waveguide layer 4. 

In the case where the period A of the grating 
coupler 26 satisfies the Inequality (2), a diffraction 
toward the air does not satisfy a phase matching 
condition, and light is diffracted only toward the 
lower cladding layer 3 without generating second 
order diffraction light. Therefore, when the light 8 
reaches the grating coupler 26, a part of the light 8 
is diffracted only toward the lower cladding layer 3 
by the grating coupler 26 and becomes light 10. 
The light 10 passes through the lower cladding 
layer 3 and irradiates the p-type region 2. Light 13, 
which is not diffracted by the grating coupler 26, is 
reflected by the first reflector 14 and reaches the 
grating coupler 26 again. The light 13 is diffracted 
toward the lower cladding layer 3 by the grating 
coupler 26 and becomes light 15. The light 15 
passes through the lower cladding layer 3 and 
irradiates the p-type region 2. 

As is mentioned above, by forming the grating 
coupler 26 which satisfies the Inequality (2), the 
light 8 is diffracted only toward the lower cladding 
layer 3. Moreover, the light 8 , which is not dif- 
fracted by the grating coupler 26, can be reflected 
by the first reflector 14 and reaches the grating 
coupler 26 again. Therefore, most of the light 8 
irradiates the p-type region 2 of the light detector 
22 effectively. 

The optical integrated circuit 24 is produced by 
the same method as is mentioned in Example 1 . 
The lower cladding layer 3 is made of silicon 
dioxide and the waveguide layer . 4 is formed by a 
sputtering method with a #7059 target which is 
available from Corning Company. Each layer has 
the same thickness and refractive index as is ex- 
plained in Example 1. The dielectric slab 
waveguide 25 has an effective refractive index 
equal to 1.496. In order to determine a grating 



period A of the grating coupler 26. by using the 
values of the refractive index (1.45) of the lower 
cladding layer 3, the effective refractive index 
(1 .496) of the dielectric slab waveguide 25, and the 
5 free-space wavelength (780 nm) in the Inequality 
(2) the following inequality is obtained. 

264 (nm) < A < 312 (nm) 

w Thus, the grating period A of the grating coupler 26 
is set to be 300 nm. 

The optical integrated circuit 24 shown in Fig- 
ure 4 has the grating coupler 26 at the upper 
surface 17 of the waveguide layer 4. However, the 

75 grating coupler 26 may be formed at an lower 
surface 18 of the waveguide layer 4. At whichever 
surface the grating coupler 26 is formed, the light 8 
can be diffracted. A diffraction efficiency of the 
grating coupler 26 is different in accordance with 

20 an aforementioned position of the grating coupler 
26. Also, the diffraction efficiency depends on-the 
structure and materials of the dielectric slab 
waveguide 25. Therefore, it is preferable that the 
grating coupler 26 is formed at either the upper 

25 surface 17 or the lower surface 18 whichever will 
have the higher diffraction efficiency. 

Figure 4 shows that the light detector 22 is 
formed near the first reflector 14. However, it also 
is possible for the light detector'22 to be positioned 

30 relatively farther from the first reflector 14 formed 
on the end face of the dielectric slab waveguide 
25. If the first reflector 14 is formed on the end 
face of the dielectric slab waveguide 25, the light 
which is not diffracted by the grating coupler 26 - 

35 (i.e., the light 13) can be reflected by the first 
reflector 14 and travel above the grating coupler 26 
again. Such a reflected light can also irradiate the 
p-type region 2 and increase the amount of the 
light which irradiates the light detector 22. There- 
to fore, relative to prior light detectors, such as that 
shown in Figure 5, the light detector 22 of the 
present invention can have improved sensitivity 
and signal-to-noise ratio without enlarging the 
length I of the p-type region 2. 

45 For the reason mentioned above, a distance m 

between the light detector 22 and the first reflector 
14 can be selected in accordance with a structure 
of a device to which the present invention is ap- 
plied. However, in the case where the attenuation 

so of the light in the dielectric slab waveguide 25 may 
not be neglected, the distance m is preferably set 
to be in the range which the light reflected by the 
first reflector 14 is not significantly attenuated. 

In the Examples 1 and 2, the light detector 

55 using a silicon pn junction, a dielectric slab 
waveguide made of silicon dioxide, and first and 
second reflectors made of aluminum are utilized. 
However, it is obvious to those skilled in the art 
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that aforementioned components can be modified 
according to the wavelength of the light traveling in 
the optical integrated circuit. For example, a light 
detector made of indium gallium arsenide is suit- 
able for detecting light having the wavelength equal 
to 1.4 u.m. A dielectric slab waveguide is used as a 
dielectric waveguide, however, the dielectric 
waveguide may be formed in a strip shape or in 
other shapes. Also, another metal film such as a 
titanium film or a dielectric multilayer film, such as 
a multilayer made of silicon dioxide and titanium 
dioxide, can be utilized as a first or second reflec- 
tor. 

In the Example 1, the grating coupler 6 juts out 
from the waveguide layer 4, however, the grating 
coupler 6 may formed in hollows as is shown in 
Figure 4. Also, in the Example 2, the grating cou- 
pler 26 may jut out from the waveguide layer 4 as 
is show in Figure 1. 

Some exemplary values for indices of refrac- 
tion and other dimensions are mentioned above. It 
will be appreciated that other values which will 
enable operation of the invention described may be 
used. 

Claims 



being formed above said grating coupler (6). 

4. An optical integrated circuit (21) according to 
claim 1 or 2, wherein a period (A) of said 
5 grating satisfies a following equation: 

A - n 

where A is said period of said grating, 
to X is a free-space wavelength of said light, 

and 

N is an effective refractive index of said 
dielectric waveguide. 

75 5. An optical integrated circuit (21) according to 
claim 1 or 2, wherein said grating comprises 
plurality of ridges (A) and grooves (B), each of 
said ridges (A) and grooves (B) having a rec- 
tangular cross section and having substantially 

20 the same width along with said first direction. 

6. An optical integrated circuit (21) according to 
claim 1, wherein said dielectric waveguide (25) 
further has a cladding layer (3), said 
25 waveguide layer (4) being formed on said clad- 

ding layer (3), a period (A) of said grating 
satisfying a following inequality: 

1 < 1 - U < n -I 

X A X **S X 

where A is said period of said grating, 
X is a free-space wavelength of said light, 
N is an effective refractive index of said 
dielectric waveguide, and 

n s is a refractive index of said cladding 
layer. 



1. An optical integrated circuit (21) comprising: 

a dielectric waveguide (23) having at least 
a waveguide layer (4) for transmitting light in a 30 
first direction (8); 

a first reflector (14) for reflecting said light 
in a substantially opposite direction (13) to said 
first direction (8), said first reflector (14) being 
formed on an end face of said waveguide layer 35 
(4); 

a grating coupler (6) having a grating for 
diffracting at least a part of said light in a 
second direction (10) which is different from 
said first direction (8), said grating coupler (6) 40 
being formed at a surface of said waveguide 
layer (18); and 

a light detector (22) for detecting said dif- 
fracted light, said light detector (22) being opti- 
cally connected with said dielectric wavelength as 
(23). 

2. An optical integrated circuit (21) according to 
claim 1, wherein said grating coupler (6) hav- 
ing said grating for diffracting said light also so 
diffracts another part of said light in a substan- 
tially antiparallel direction (9) to said second 
direction (10). 

3. An optical integrating circuit (21) according to 55 
claim 1 or 2, further comprising a second 
reflector (7) for reflecting said light toward said 

light detector (22), said second reflector (7) 



6 



EP 0 585 094 A1 




EP 0 585 094 A1 




^2 



FIG.3C 



8 



EP 0 585 094 A1 




FIG. 4 




FIG. 5 

PRIOR ART 



9 



I 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 93 30 6653 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. Q.5 ) 



Y 
Y 



PATENT ABSTRACTS OF JAPAN 
vol. 12, no. 357 (E-662)26 September 1988 
& JP-A-63 114 288 ( FUJITSU ) 19 May 1988 
* abstract * 



PATENT ABSTRACTS OF JAPAN 

vol. 14, no. 278 (E-941)15 June 1990 

& JP-A-20 87 581 ( CANON ) 28 March 1990 

* abstract * 

GB-A-2 197 122 (STC) 

* column 1, line 22 - line 61; figures 1,2 



PATENT ABSTRACTS OF JAPAN 

vol. 10, no. 45 (P-430)21 February 1986 

& JP-A-60 189 712 ( CANON ) 27 September 

1985 

* abstract * 

US-A-4 674 100 (KOBAYASHI) 

* column 1, line 41 - line 68; figures 1,3 



EP-A-0 386 797 (CANON) 

* column 5, line 48 - column 6, line 11 * 

* column 8, line 37 - line 39 * 

* column 12, line 1 - line 26; figures 
2,9,14 * 



1,5 

2,3 
2,3 



G02B6/12 

H01L31/0232 

H01S3/025 



2,3,5 



TECHNICAL. FIELDS 
SEARCHED (Int. CI.5 > 



4,5,6 



G02B 
H01S 
H01L 



The present search report has been drawn up for all claims 



Place of t» 

BERLIN 



Dale mf coavieUea of tW> wan* 

29 NOVEMBER 1993 



VON MOERS F. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken atone 

y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document dted In the application 
L : document dted for other reasons 

A : member of the same patent family, corresponding 



